(19) 



J 



Europalsches Patentamt 
European Patent Office 
Office europeen des brevets 





(12) 



(11) EP 0 412 431 B1 

EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent: 
29.10.1997 Bulletin 1997/44 

(21) Application number: 90114804.9 

(22) Date of filing: 02.08.1990 



(51) Intel 6: G01N 15/14 



(54) Method and apparatus for sorting particles with a moving catcher tube 

Verfahren und Gerat zum Sortieren von Tetlchen mit einem beweglichen Auffangrohr 
Procddd at appareil pour trier des particules avec un tube attrapeur mobile 



m 

CO 
CM 



o 

Q. 
LU 



(84) Designated Contracting States: 

AT BE CH DE DK ES FR GB GR IT LI LU NL SE 

(30) Priority: 11.08.1989 US 392698 

(43) Date of publication of application: 
13.02.1991 Bulletin 1991/07 

(73) Proprietor: Becton, Dickinson and Company 
Franlciin Laices, New Jersey 07417-1880 (US) 

(72) Inventor: North, Howard L., Jr. 
Los Gatos, California 95032 (US) 



(74) 



Representative: Seiting, Gunther, Dipt.-lng. et al 
PatentanwMlte 

von Kreisier, Selting, Werner 
Postfach 10 22 41 
50462 K6ln (DE) 



(56) 



References cited: 
EP-A- 0177 718 
GB-A- 2 138 709 
US-A-4 790 653 



EP-A- 0 317 809 
US-A-3 710 933 
US-A-4 844 610 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



1 



EP 0 412 431 B1 



2 



Description 

The present invention relates to a catclier tube sort- 
er system for a particle flow through apparatus which 
includes a catcher tube selectively alignable with the 
flowf rom the apparatus, and more particularly, concerns 
a flow cytometer for determining one or more character- 
istics of particles flowing through the cytometer with 
such a catcher tube sorter to provide separation of the 
particles according to the. determined characteristics. 
The method of sorting with a positionable catcher tube 
is also a part of the present invention. 

There are a number of cell or particle analyzing de- 
vices using flow cytometer equipment and techniques 
which rely on hydrodynamically focused fluid flow 
through an analysis orifice where the specific character- 
istics of the flowing cells or particles can be determined. 
Flow analysis of particles has been used in the determi- 
nation of the variety of characteristics of individual par- 
ticles. This analysis is most useful in determining char- 
acteristics of cells for the collection of information which 
would aid In areas of research, hematology immunolo- 
gy and the like. The researcher, for example, could be 
interested in determining specific characteristics of the 
Individual cells where those cells need to be classified, 
identified, quantified and preferably sorted for further in- 
vestigations or analysis. 

One commercially available flow cytometer which 
relies on a hydrodynamically focused fluid system is 
known as the FACScan™ instrument sold by Becton 
Dickinson Immunocytometry Systems, San Jose, Cali- 
fornia. The FACScan™ instrument rapidly analyzes 
cells on the basis of fluorescence and light scatter prop- 
erties. Analysis is accomplished by Introducing cells in 
suspension to the center of a focused liquid stream thus 
causing them to pass, one at a time, through a focused 
light from a high power laser. Each cell is individually 
characterized by its light scatter signals and by the in- 
tensity and color of fluorescence emitted while it is illu- 
minated. 

In the aforementioned flow cytometer, a sheath liq- 
uid focuses the particles or cells as they pass through 
the orifice associated with the analyzing or counting ca- 
pabilities. U.S. Patent Nos. 4,503,385 and 4,526,276, 
the latter disclosing a catcher tube sorter and a method 
of sorting particles as set out in the first part of claims 1 
and 9 respectively, describe particle analysis systems 
in which particles flowing in a stream are enveloped in 
a sheath liquid which focuses and confines the sample 
liquid (with the particles or cells) to the center of the flow- 
ing stream. U.S. Patent No. 4,110,604 describes a par- 
ticle density measuring system in which particles flowing 
in a stream are enveloped in a sheath liquid which fo- 
cuses and confines the sample fluid (with the particles) 
to the center of the flowing stream. 

In the presently known and available flow through 
equipment, electrically operated pumps, syringe pumps 
or the like are used in the f luidics of the system to move 



the liquid and particle flow through the flowcell analysis 
orifice and passageways. 

The usual operation for these pumps is to force or draw 
liquid with particles from a sample test tube through a 
5 sample capillary uptake tube centered in the sheathing 
liquid flowing in the direction of the particle analysis or- 
ifice. The applicant of the present application has a U. 
S. Patent 4,790,653, disclosing a housing for a flow cy- 
tometer with a particle unclogging feature; and EP-A-0 
317 809 disclosing a sheathed particle flow controlled 
by differential pressure and U.S. Patent 4,844,610 dis- 
closing a backflow isolator and capture system. All of 
these Inventions are useful with the present Invention. 

"Electronic Separation of Biological Cells by Vol- 
ume" by M.J. Fulwyler in Science vol. 150, pp. 910-911, 
November (1965) or "High-Speed Cell Analysis and 
Sorting with Flow Systems: Biological Applications and 
New Approaches" in IEEE Trans, on Nuclear Science, 
NS-21 , pp. 714-720 (1973) describe devices where the 
suspension stream is charged by suitable equipment 
shortly before the break-off of the droplet containing the 
particle after detecting the desired characteristic within 
an optic-electronic system. A very strong electrostatic 
field of several thousand volts per centimeter, breaks up 
the flow of particle containing droplets Into two or more 
streams depending on the polarity and charge of the 
droplets, and the various divided streams are collected 
In different small containers. Particle sorters of the type 
relying upon electrostatic separation of particles are de- 
scribed in U.S. Patents 3,380,584; 3,710,933; 
3,826,364; 4,148,718; 4,230,558; and 4,138,480. 

The particle sorters which rely upon an electrostatic 
field for separating and sorting particles have particles 
charged with the same electrical polarity accumulate in 
respective collection wells. The result is that the collec- 
tion well Itself assumes the electrical polarity of the par- 
ticles being collected. Once this electrical charge of the 
collection well Is established, incoming particles of the 
same polarity are deflected because of the electrostatic 
force operating to separate charges of like nature. Re- 
moving the charge by a ground wire in the collection ves- 
sel Is known. These sorters may produce aerosols 
which must be contained to avoid biological hazards to 
nearby personnel when sorting pathogenic particles. 

U.S. Patent 4,175,662 Includes a method and ap- 
paratus for sorting of particles or cells in accordance 
with their physical or chemical properties where sorting 
is achieved after the particles are analyzed by reliance 
upon an electrolysis gas pressure impulse which causes 
a deflection of the particle suspension stream and flow 
into a different channel. This sorter may cause distur- 
bances to the particle flow thru the laser beam thus in- 
terfering with the optical analysis of the particles. 

An easily adapted sorter which does not rely on the 
deflection of the particles is required in order to minimize 
movement of, eliminate contact with, and prevent dam- 
age to the particles. With the foregoing in mind, Im- 
proved techniques for sorting particles In a flow cytom- 
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eter sample are still being souglit. Such improvements 
in the simplification of sorting hardware and the adap- 
tation and application of such hardware to a flow cytom- 
eter or other particle analyzer are needed. An improve- 
ment related to avoidance of biologically hazardous aer- s 
osols and to avoidance of pressure pulses which can 
disturb the optical alignment of the analysis apparatus 
is needed. It is toward such an improvement that the 
present Invention is directed. 

The catcher tube sorter of the present invention is 
defined in claim 1 and the method of sorting particles is 
defined in claim 9. with preferred embodiments of the 
invention being defined in claims 2 to 8. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a perspective view of the preferred em- 
bodiment of a flow cytometer analyzer including a 
catcher tube sorter for use in determining one or 
more characteristics of particles or the like flowing 
In a liquid stream; 

Figure 2 is a schematic illustration of a preferred 
embodiment of the optical elements and light paths 
of a flow cytometry apparatus of the present inven- 
tion for determining one or more characteristics of 
cells of the like; 

Figure 3 is an enlarged cross-sectional view of the 
preferred flow housing and catcher tube sorter of 
the present invention taken along line 3-3 of Figure 
1; 

Figure 4 is a schematic illustration of the relation- 
ship of the catcher tube sorter operative elements 
and the flow paths between the element including 
the connections of the control with the analyzer of 
Figure 1; 

Figure 5 is an enlarged schematic illustration of the 
catcher tube showing sorting of particles as per- 
formed when the catcher tube is in the aligned po- 
sition, and 

Figure 6 is an enlarged schematic illustration of the 
catcher tube showing that particle sorting is not per- 
formed when the catcher tube Is in the displaced or 
unaligned position when particle sorting is not re- 
quired. , 

DETAILED DESCRIPTION 

While this invention is satisfied by embodiments in 
many different forms, there is shown in the drawings and 
will herein be described in detail a preferred embodi- 
ment of the invention, with the understanding that the 
present disclosure is to be considered as exemplary of 
the principles of the invention and is not intended to limit 
the invention to the embodiment illustrated. 

Referring to the drawings, and Figure 1 in particular, 
there is illustrated a flow cytometry apparatus 10 of the 
present invention for determining one or more charac- 
teristics of particles or the like. Apparatus 10. for exam- 



ple, may be a cell analyzer which includes a liquid sam- 
pling console 1 2 which is constructed to contain particle 
or cell detection and analysis elements as hereinafter 
described. In particular, apparatus 10 includes a liquid 
sampling console 1 2 which is constructed to contain the 
particle, tight scatter and fluorescence measuring com- 
ponents, as hereinafter described, but which is separate 
from the analysis console 1 3. Analysis console 1 3 in- 
cludes the electrical components, display screens and 
other data information regarding the control and function, 
of the apparatus 10. Liquid sampling console 12, as 
seen in Figure 1, includes a flow manifold assembly in 
the form of a housing 1 4 which is designed to provide a 
stream of flowing liquid containing the particle to be an- 
alyzed. In the apparatus being described, the particles 
for analysis may be included in a source of particles or 
test tube 1 5 which may be sealably engaged onto hous- 
ing 14. Before describing the details of housing 14, a 
general description of the optical and flow elements of 
flow cytometry apparatus 10 will be provided. 

In the drawings, and Figure 2 in particular, the op- 
tical and particle flow elements of a flow cytometry ap- 
paratus 1 0 are illustrated. The optical and flow elements 
of Figure 2 represent the major components of the flow 
cytometry apparatus 10 for moving particles, such as 
cells or the like, in a liquid stream, substantially one at 
a time, in order to assess those particles for specific 
characteristics thereof. For example, the elements of 
the device of Figure 2 may be included in a FACScan 
analyzer, manufactured and sold by Becton Dickinson 
Immunocytometry Systems, San Jose, California for cy- 
tometric study on the basis of light .scatter and fluores- 
ence in a wide variety of research laboratory applica- 
tions. The optical and flow elements to be described in 
more particular detail may be embodied in the FACScan 
analyzer. It Is understood that the present invention is 
useful in many different types of flow f luorometric or flow 
cytometry apparatuses, whether measuring light scat- 
ter, particle volume, fluorescence or other optical pa- 
rameters for the identification or quantification of cells 
or the like in a sample liquid medium. 

As illustrated in Figure 2, light entry Is provided for 
the present flow cytometry apparatus 10 by a light 
source 16 such as a laser which provides a linearly po- 
larized collimated beam 17 of light at a singular wave- 
length or at a number of discreet wavelengths. Alterna- 
tively, light source 16 may be broad-spectrurti arc lamp, 
such as mercury or xenon, with polarizing means includ- 
ed in excitation light path 18 produced by light source 
1 6. Typically, apparatus 1 0 also includes a lens 1 9 which 
focuses the light beam 17 at a liquid stream 20 contain- 
ing the particles or cells under investigation. 

A nozzle, incorporated within the flow cytometry ap- 
paratus 10 of the present invention, facilitates the flow- 
ing of cells or particles within liquid stream 20. The use 
of a nozzle is well-known and is described, for example, 
in U.S. Pat. No. 3,826.364. The nozzle provides a hy- 
drodynamically focused flow of cells in the liquid stream 
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20 comprising a sheath fluid and particles or cells 68 In 
Figure 3. As each cell or particle passes through where 
the focused light beam 17 intersects liquid stream 20, 
light scattered thereby may be detected. 

As each cell or particle passes through the focused 
light region where light beam 17 intersects the flowing 
liquid stream, light scattered by the cell or particle can 
be detected by an appropriate silicon photodiode 21. 
Similarly, fluorescence, if emitted by particles energized 
by the illumination from the light source, can also be de- 
tected. Fluorescence emitted by autofluorescent parti- 
cles or fluorescently labeled or stained particles in the 
liquid stream 20 can be detected. 

Photodetector 21, as illustrated in Figure 2, is posi- 
tioned to receive light scattered forwardly by each cell. 
Fluorescence, if emitted by cells energized by the illu- 
mination from the light source 1 6, may also be detected. 
Similarly, light scattered in different directions, besides 
the fOHA^ard direction, may be detected. In laser excited 
flow cytometry, both fluorescence and wide angle light 
scatter are typically collected at an angle whose viewing 
axis is 90* relative to the excitation axis of light beam 
17. In Figure 2, axis 22 represents the 90* viewing ac- 
cess for the collection of fluorescence and wide angle 
scatter. Thus, light traveling along axis 22 includes both 
light scatter and fluorescence as its components. 

In order to collect fluorescence and light scatter at 
the 90* angle from the incident laser beam 17 the light 
scatter and fluorescence should be separated or split. 
To accomplish such splitting dichrolc filters or a beam 
splitter 23 is used to receive both scattered light and flu- 
orescence at the 90* angle and to re-direct each such 
component In different directions.. Such re-direction of 
light scatter and f I uorescence then permits the light scat- 
ter and fluorescence to be collected separately, even 
though both originate at the 90* angle. 

For example, the reflected light scatter may be de- 
tected by a photomultiplier tube 24. If the fluorescence 
Includes a number of different color regions, a dichrolc 
mirror 23 may be used to separate the different color 
wavelengths. Thus, and for example, fluorescence in 
the green color region may be transmitted by dichrolc 
mirror 23 along axis 26 and collected in an appropriate 
photodetector 27. Additional dichroic mirrors may be in- 
cluded as in United States Patent 4,662,742 for associ- 
ating the fluorescence colors with additional character- 
istics of cells or particles analyzed. In Figure 2, those 
skilled In the art will appreciate that various lenses, fit- 
ters, barriers or the like may be employed in conjunction 
with each additional photodetector to obtain as pure a 
signal as possible. Obtaining such optically clean sig- 
nals is most desirable particularly when fluorescence 
and light scatter channels are used, as in the apparatus 
Illustrated in Figure 2. 

The electrical signals from photodetectors 21 , 24, 
and 27 are typically fed as discrete pulses to the elec- 
tronics 28 of the apparatus for purposes of display 29, 
storage or further processing so that one or more char- 



acteristics of the cells or particles under analysis can be 
determined or sorted as will be described in detail here- 
in. Electronics 28 may be included in an analysis con- 
sole 13, if desired. 

5 Turning now to Figure 3, the details of housing 14 
of the present Invention are more clearly illustrated. It 
can be seen that housing 14 includes a body member 
30 which, In the embodiment being described, is prefer- 
ably in the form of a block or rectangular prism. Although 

10 not shown in the drawings, the block form of housing 14 
facilitates the mounting of the housing within the flow 
cytometer apparatus 10. Extending through housing 14 
is a passageway 32 which is defined by three regions: 
an analysis portion 32a, a pre-analysis portion 32b, and 

IS a post-analysis portion 32c. As seen in Figure 3, the pre- 
analysis, analysis and post-analysis portions of pas- 
sageway 32 lie on an axis A through body member 30 
and are arranged in that order relative to the direction 
of particle flow indicated by arrows through the passage- 

20 way 32. 

It is preferred that pre-analysis portion 32b and 
post-analysis portion 32c of the passageway be axisym- 
metrical shaped bores extending into body member 30. 
it is preferred that pre-analysis portion 32b of the pas- 
2S sageway be tapered so that it includes tapered walls 34 
defining a frustoconical passageway having its narrow 
end facing toward analysis portion 32a of the passage- 
way. 

Preferably positioned within analysis portion 32a of 
30 the passageway Is a flowcell or flow chamber 35 which 
facilitates the analysis of cells or particles under inves- 
tigation. Flowcell 35 includes an orifice 36 which is pref- 
erably rectangular In cross section and sized to permit 
the passage of substantially one particle at a time there- 
3S ' through. As a light beam intersects the region defined 
by orifice 36, particles pass through the light beam 
thereby establishing a basis for a light-related signal 
which can be detected. 

So that light energy can be available to illuminate 
40 the region defined by orifice 36 in the flowcell, body 
member 30 of the housing includes a recess 38, as 
shown in Figure 2, into which lens assembly 1 9 is posi- 
tioned so that the lens assembly lies adjacent flowcell 
35. This type of arrangement suggested by the illustra- 
45 tion in Figure 2 is consistent with a technique for provid- 
ing light energy to interrogate the particles under anal- 
ysis. Light is directed through lens assembly 19 at ari 
angle substantially orthogonal or at a right angle to the 
aforementioned direction of particle flow through the 
so flowcell. Lens assembly 19 can include one or more 
lenses in a condenser lens assembly for focusing inci- 
dent light on the particles which pass through orifice 36 
and may receive light such as fluorescence from the par- 
ticles which have been illuminated by the incident light 
ss beam 1 8. Of course, the present invention contemplates 
that light from the particles may be detected in any di- 
rection with respect to the axis of the incident light beam. 
The appropriate light detectors are positioned at the 
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desired angle for collecting light scattered or emitted by 
the particles or for detecting light energy absorbed by 
the particles. To this end, as seen in Figure 3, one or 
more windows 40 extend through body member 30 into 
flowcell 35 through which light passes for collection by s 
the photodetector elements. On the other hand, it is not 
necessary to provide such a window if body member 30 
is sufficiently light transmissive to allow light to pass 
therethrough in sufficient strength to be detected. It is, 
however, preferred that flowcell 35 be light transmissive 
and also that the flowcell be removable from body mem- 
ber 30 in the event that it needs cleaning, replacement 
or change. 

Body member 30 also includes a first channel 42 
which is in fluid communication with pre-analysis portion 
32b of the passageway Channel 42, in this embodi- 
ment, extends through a side block 44 of body member 
30 so that this channel is substantially at right angles to 
the axis A of passageway 32. Side block 44 connects 
with an enlarging conduit which reduces fluid velocity 
entering the pre-analysis portion 32b and thus reduces 
the flow disturbances associated with the change in di- 
rection of the fluid flow. A fluid connector 46 is positioned 
on side block 44 so that its lumen 48 is in fluid commu- 
nication with channel 42. It is the purpose of channel 42 
to provide a passageway for the introduction of a liquid 
for sheathing particles which flow into analysis portion 
32a of the passageway, and which more specifically flow 
through flowcell 35. 

The provision of a sheath liquid for a hydrodynam- 
ically focused fluid flow system is well-known and is de- 
scribed in the mentioned patents. The sheath. liquid is 
generally pressurized with air and typically flows 
through channel 42 at a pressure of between 0.5 and 
10 psi (1 psi = 6894,6 Pa) and at a rate of 10 to 20 ml. 
per minute. The sheath liquid is usually a saline solution 
which is substantially particle free so that it does not in- 
terfere with the analysis. 

Communicating with post-analysis portion 32c of 
the passageway is another channel 50 which also ex- 
tends through body member 30 in the embodiment be- 
ing described. Channel 50 preferably extends at sub- 
stantially right angles to the axis of passageway 32. In 
fluid communication with channel 50 is a fluid connector 
52 having a lumen 54 therethrough. It is the purpose of 
channel 50 to provide one exit for the passage of parti- 
cles and liquids out of housing 14 after passing through 
the analysis portion of the passageway, it can be seen 
that channel 50 has its interior end 55 preferably open 
to post-analysis portion 32c of the passageway. 

Particles or cells to be analyzed are preferably 
transported through a hollow uptake tube 58 with a lu- 
men 59 extending therethrough. Uptake tube 58 ex- 
tends substantially along the axis A of passageway 32 
and has an inner end 60 positioned in pre-analysis por- 
tion 32b of the passageway. It is preferred that inner end 
60 be positioned within tapered walls 34 of the pre-anal- 
ysis portion so that the inner end 60 of the uptake tube 



lies in a region at low fluid velocity in the pre-analysis 
portion 32b of the passageway. Uptake tube 58 has Its 
outer end 62 extending outwardly of body member 30.. 
The body member of the housing preferably includes a 
circularly shaped extension 64 through which tube 58 
extends before passing outwardly of the body member. 
A seal member 65, or other like element for providing a 
gas-tight seal, is positioned around circularly shaped ex- 
tension 64. It can be seen in Figures 3 and 4 that test, 
tube 1 5 is positioned so that it fits onto extension 64 with 
seal member 65 facilitating a gas-tight seal between the 
test tube and extension 64 of the body member. Test 
tube 15 includes sampling liquid 66 and particles 68 to 
be analyzed. Outer end 62 of the tube extends into sam- 
pling liquid 66. 

In order to seal flowcell 35 within body member 30 
there are a pair of ring gaskets 70 in the form of O-rings 
received within recesses in the body member 30. 

A channel 72 extends through body member 30 and 
is in fluid communication with the interior of test tube 1 5. 
A lumen 75 is in fluid communication with a source of 
regulated pressurized air or other fluid to serve as a driv- 
ing force of pressure into the test tube 1 5 so that sam- 
pling liquid 66 and particles 68 may pass through lumen 
59 of uptake tube 58. Normally, the air is delivered 
through lumen 75 at a slightly higher pressure than that 
applied to drive the sheath liquid through channel 42. In 
the preferred case, the regulated air pressure may be 
controlled at 0,34.10*5 Pa (5.0 psi) or 0,28.10-5 pa (4 0 
psi) for a selected high or low flow rate of 1 .0 microliters 
per second, or 0.20 microliters per second, respectively. 

Particles 68 pass out of the inner end of the tube 
into pre-analysis portion 32b of the passageway. Here, 
the particles and sampling liquid become ensheathed 
by the sheathing liquid so that the particles pass sub- 
stantially one at a time through orifice 36 in flowcell 35, 
as seen in Figure 3. The confluence between the sam- 
pling liquid (and particles) and the sheath liquid form a 
coaxial, bl-component stream. The sampling liquid con- 
taining the particles 68 to be analyzed forms the inner 
component of the flowing stream. When the stream en- 
ters the flowcell 35, there is substantial equilibration in 
the velocities of the sheath liquid and the sample liquid 
and the particles are hydrodynamically focused or cen- 
tered in the middle of the stream away from the walls of 
the flowcell 36. 

Once in the flowcell, the particles are interrogated 
by light which enters the flowcell through lens assembly 
19 so that light-related information may be determined 
with respect to each particle. After the particles, sam- 
pling liquid and sheathing liquid pass through the anal- 
ysis region of the passageway, flow continues into the 
post-analysis portion 32c of housing 14. 

It is appreciated that the various air pressures and 
resulting flow rates could be manually adjusted by con- 
trols on the liquid sampling console. A typical sample 
flow rate is in the range of 0.2 to 1 .0 microliters per sec- 
ond of sampling liquid through the sampling tube. Fur- 
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thermore, the air pressure in lumen 75 may be adjusted 
to control the analysis rate of particles through the flow 
chamber. Typically, the analysis rate would range be- 
tween 10 and 1,000 particles per second flowing 
through the flow cell 35. The design of passageway 32 s 
and the positioning of uptake tube 58 therein is Intended 
to offer minimal flow resistance and turbulence to the bi- 
component stream of liquid as it flows toward flowcell 
35. 

In Figure 4 there is a schematic illustration of the io 
control 80 whereby the flow rate of particles 68 is regu- 
lated. The control 80 includes an air pump 82 connected 
to a pressure regulator 84 adjusted to provide a head 
pressure input of about 0,28. 10"^ Pa (4.0 psi) to the 
sheath liquid supply reservoir 86. The outlet from reser- ^5 
voir 86 is preferably connected to a filter 88 which re- 
moves any particulate matter from the sheath liquid as 
it is transported to the lumen 48 of housing 14. 

Air pump 82, in Figure 4, is also connected to the 
sample flow control 90 for regulating pressurized air to 20 
be used to drive the liquid 66 and particles 68 through 
uptake tube 58 into pre-analysis portion 32b of housing 
1 4. 1 n the preferred arrangement sample flow control 90 
regulates the air pressure applied to test tube 1 5 through 
lumen 75 so that the pressure is at 4 psi or 5 psi depend- 2S 
ing upon whether a low or a high flow rate of particles 
68 is desired. A waste reservoir 92 as part of post-anal- 
ysis portion 32c is connected to lumen 54 to collect a 
part of the liquids and particles after they have passed 
through the passageway 32. The sorted particles are 30 
caught as will be explained. 

In Figure 3 the details of the catcher tube sorter 93 
are shown. The schematic diagram of Figure 4 best il- 
lustrates the overall system. In particular, the test tube ^ 
15 has the driving air pressure supplied through lumen 35 
75 to move particles through lumen 59 of the uptake 
tube 58. In the post analysis portion 32c just after the 
analysis portion 32a is an elongate catcher tube 94. 
Catcher tube 94 is positioned to be movable into sub- 
stantial alignment with the axis A passing upwardly 40 
through the uptake tube 58 and through the orifice 36. 
The catcher tube 94 is a capillary tube with a tapered 
ceramic tip and is movable for substantially parallel and 
nearly coaxial alignment with the axis A. In particular, 
and as best shown in Figures 3 and 6, an axis B of the ^5 
catcher tube 94 is pivotal about a point 95 located be- 
tween a lower end 96 of the catcher tube 94 and an up- 
per end 97 of the catcher tube 94. 

The catcher tube 94 is a two piece construction. The 
lower end 96 is preferably made of alumina ceramic by 50 
Small Precision Tools of Petuluma, California as a nail- 
head capillary bonding tip model NS-60 with a 150 mi- 
cron inside diameter at the tip. The upper end 97 is a 
stainless steel support. 

As shown in Figure 5 the catcher tube 94 pivots into 
substantial coaxial alignment with the axis A when driv- 
en by the driver 98 shown in Figures 3 and 4, but the 
catcher tube axis B is only nearly coaxial with axis A, 



being spaced a small distance C from the axis A when 
pivoted by the driver 98 to the position shown in Figure 
5. The 150 micron inside diameter at the inlet, entry, tip 
or lower end 96 of the catcher tube 94 cooperates with 
the rectangular orifice of the. flowcell 36 which is 1 80 by 
430 microns. The width of the orifice of the flowcell 36 
is 430 micron. A larger inside diameter would allow the 
catcher tube to pick up fluid accumulating at the orifice 
exit containing some of the particles 68. A smaller inside 
diameter would promote more frequent clogging of the 
inlet, entry, tip or lower end 96 of the catcher tube 94. 
Thus the inside diameter of the catcher tube 94 should 
be equal to or slightly smaller than the minimum dimen- 
sion across the orifice of the flowcell 36. Obviously if the 
recirculating fluid at the exit of orifice 36 were replaced 
by a particle-free fluid the inside diameter of the catcher 
tube 94 could be larger than the minimum dimension at 
orifice 36. 

The rectangular shape of the flowcell 36 orifice al- 
lows the catcher tube 94 to be positioned off or displaced 
from the particle stream as illustrated in Figure 6 and 
still be fully in the sheath fluid exiting the orifice of the 
flow cell 36. This avoids fluid recirculating at the orifice 
exit from entering the catcher tube 94 and contaminating 
the collection conduit and filter with particles present in 
the recirculating fluid. 

The driver 98 is mounted upon body member 30 and 
is located such that a bearing 99 on the driver 98 con- 
tacts the catcher tube 94 near the upper end 97 for po- 
sitioning of the catcher tube 94. In the preferred embod- 
iment the bearing 99 is a spherical shape that provides 
point contact with the catcher tube 94 upper end 97. The 
point contact is such that the force of the driver 98 is 
applied to the upper end 97 substantially normal to the 
axis B causing the pivotal motion of the catcher tube 94 
about the point 95. The driver 98 is in the preferred em- 
bodiment a piezo electric device, such as model P- 
810.20 PZT translator of the Physik Instrumente (PI) 
GmbH & Co., which responds to an electrical pulse of 
100 volts of sufficient strength and duration to produce 
an extension in length of 30 microns such that the bear- 
ing 99 moves relative to the driver 98 and pivots the 
catcher tube 94 into substantial alignment with axis A. 
The circuitry for the driver 98 controls the maximum val- 
ues of applied voltage and current as well as their time 
rate of change producing desired position, velocity, ac- 
celeration and damping for the sorting, fluidics, and 
characteristics of the driver 98. The preferred driver 98 
has a rated stiffness of 6 N/micron with a resonance fre- 
quency of 15 KHz and an electrical capacitance of 0.8 
microfarad. The catcher tube 94 is designed to have a 
low mass and a high stiffness to achieve a high reso- 
nance frequency. In the preferred embodiment the 
catcher tube 94 has a resonance frequency of about 20 
KHZ. The driver 98 and catcher tube 94 as a combined 
mass have a resonance frequency of about 7 KHZ. 

The pulse used to activate driver 98 is obtained after 
the analysis of the particles 68 as with the detector 24 
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which is described herein In connection with Figures 1, 
2 and 3. Suitable annplification or modification of the ac- 
tivating pulse is within the skill of practitioners and is 
therefore not set forth in detail. The preferred translator 
can be driven at a peak rate of about 1 000 times/second 
by charging and discharging it like a capacitor A leaf 
spring 100 is mounted on body member 30 across from 
bearing 99 and urges the upper end 97 of the catcher 
tube 94 against the bearing 99. Wires are shown ex- 
tending from driver 98 for electrical connection in circuit 
with electronics 28 for the described operation. 

A time delay of about 600 microseconds is provided 
to allow for the particle 68 to travel from where it is de- 
tected by the laser to the catcher tube 94 prior to ener- 
gization of the driver 98. This time delay provides for 
transit time of the particle 68. In the preferred sorter 93 
driver 98 is energized at about 500 microseconds and 
de-energized at about 700 microseconds after a desired 
particle has passed thru the laser beam and been de- 
tected. The electronics 28 can be used to vary the time 
delay automatically to compensate for variations in par- 
ticle stream velocity due to changes in fluid temperature, 
pressure on the supply tank 26 or back pressure in the 
post analysis portion. This may be done by measuring 
the transit time of the particle 68 through the laser beam 
and using that time to set the delay time. 

Point 95 may be placed anywhere between the 
ends 96 and 97 but location of the point 95 closer to 
bearing 99 is preferred to amplify the 30 micron motion 
of the driver 98 to obtain in excess of 100 microns of 
motion at catcher tube end 96 as shown in the Figures 
3, 4, 5 and 6. A resilient support 101 in the form of a 
flexible thin metallic diaphragm spans the space be- 
tween the body member 30 and the catcher tube 94 at 
the level of point 95 and permits the described pivotal 
movement of the axis B. The preferred resilient flanged 
support 101 is made of a spring material such as beryl- 
lium copper or the like and is about 0.25 mm. thick 
whereby flexure about point 95 causes moderate stress 
in the resilient support 101 and requires very little force 
from driver 98. The flexure is about .005 radian angular 
excursion producing a bending stress of about 4826 Pa 
(70,000 psi) in the diaphragm of resilient support 101. 
The inertia of the system is therefore minimal and the 
resonant frequency is high permitting rapid movement 
of the catcher tube 94 so it is positionable to capture and 
thereby selectively sort, as will be explained, the desired 
particles from those particles 68 which have passed 
through the analysis orifice 36. 

In Figure 3 the preferred configuration of the resil- 
ient support 101 is shown partially in section. A pair of 
upstanding flanges 102 provide the mounting of the re- 
silient support 101 to the body member 30; only one of 
the upstanding flanges appears in the partial sectional 
view of Figure 3. Since the catcher tube 94 upper end 
97 to which the the resilient support 1 01 is connected is 
stainless steel attaching the beryllium copper of the re- 
silient support is best performed by a pair of press fit 



metal rings 103. The rings 103 are placed around the 
central section of the catcher tube 94 with the resilient 
support 101 captured as in a sandwich between the 
rings 103. The lower end 96 of the catcher tube 94 is 

5 preferably tapered so that the function of the catcher 
tube 94 when aligned as described will cleanly separate 
the particles 68 during sorting. 

Specifically, the positioning of the lower end 96 with- 
in the post analysis portion 32c of the passageway 32 

10 provides an excellent location for selectively intercept- 
ing particles of interest. Since the resilient support 101 
closes and seals the passageway 32 in the space about 
the catcher tube 94 by means of an O-ring 1 04 between 
body member 30 and the resilient support 101 , the exit 

IS for the particle flow from the post analysis portion 32c, 
when the catcher tube 94 is not axially aligned, is 
through the channel 54 to the reservoir 92. 

In Figures 5 and 6 two positions of the catcher tube 
94 are schematically shown. When pivoted by the driver 

20 98 to be substantially coaxial with axis A, as shown in 
Figure 5 the axes A and B are not in exact coaxial align- 
ment but are spaced apart the distance C. It is obvious 
that some deviation from perfect alignment of axes A 
and B will still permit the catcher tube lower end 96 to 

25 collect desired particles from the particle stream essen- 
tially coaxial with axis A. It has been found that the dis- 
placement or offset distance C allows the catcher tube 
94 time for movement to be kept small because the dis- 
tance to be moved is decreased. Thus, the response 

30 time of the sorter 93 is reduced and the. rapid segration 
of particles as illustrated in Figure 5 is enhanced. 

A flexible exit hose 105 is attached about the upper 
end 97 of the catcher tube 94 for transporting ensheath- 
ing fluid and the particles 68 sorted by the movement of 

55 the catcher tube 94. The tube 1 05 carries this dilute par- 
ticle suspension of sorted particles 68 to a collection 
system 106. The collection system 106 includes a filter 
1 07 used to collect sorted particles. The filter 1 07 is sub- 
ject to a source of vacuum 108 which removes liquid 

40 from the particle suspension leaving just the particles 
on the filter 107. The source of vacuum 108 includes a 
safety filter 109 to prevent the escape of any aerosols 
from flask 111 and also prevents liquid from entering the 
vacuum system 108. A normally open pinch valve 110 

4$ may be used to selectively close flexible exit tube 105. 
A flask 111 is used as a trap to collect the liquid. Alter- 
natively, the dilute suspension of sorted particles may 
be collected in a vessel by placing the end of hose 105 
in the vessel for subsequent concentration by centrifu- 

50 gation or for use directly for culturing or analysis. The 
catcher tube sorter 93 is easy to use. There are no ad- 
justments to make. The particles are collected on a filter 
ready to culture or examine microscopically. The sorting 
with a catcher tube does not disturb the analysis with 

55 pressure disturbances and does not contaminate the 
two fractions of flow (collected and not collected) with 
gas. There is a need to properly time the catcher tube 
motions; the transit time required for the particle to move 
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from its analysis portion to the location where it first en- 
ters the catcher tube is about 600 microseconds. To ac- 
commodate variations in this transit time and to allow 
for the time required to move the catcher tube from one 
position to the other the driver 98 is energized earlier (at 
about 500 microseconds) and de-energized later (at 
about 700 microseconds). That additional time insures 
that the particle is well within the catcher tube, i.e. cap- 
tured. Other signals could be used to automatically com- 
pensate for variations in transit time. Besides laser 
beam transit time, flow cell pressure drop, sheath flow 
rate, impact pressure on the catcher tube, sheath fluid 
temperature and the like or any combination thereof 
could be used. 

A method for selectively sorting particles passing 
through the apparatus lOjs another form of the inven- 
tion. The method includes generating a signal repre- 
sentative of one or more characteristics of the particles 
68 passing through an analysis orifice 36 of the appa- 
ratus 10 and applying the signal to the driver 98 for 
changing the position of the catcher tube 94 so that the 
catcher tube 94 is moved to receive and sort particles 
having one or more of the desired characteristics. 

The step of applying the signal to the driver 98 for 
changing the position of the catcher tube 94 may include 
flexing resilient support 101 for the catcher tube 94 to 
bring the axis B of the catcher tube 94 into substantial 
alignment with the particles exiting orifice 36." The step 
of generating the signal representative of one or more 
characteristics of the particles exiting through orifice 36 
includes using light from laser 1 6 to analyze the particles 
passing one at a time through the flow cell orifice 36 to 
provide an electrical signal. The step of providing the 
electrical signal includes the step of applying the signal 
to the driver 98 for changing the position of the catcher 
tube 94 by flexing the resilient support 101 to align the 
catcher tube with the particles by pivoting the catcher 
tube 94 about the point 95 between its lower and upper 
ends 96 and 97. 

The key advantages in the method and apparatus 
for sorting particles by moving catcher tube are that bi- 
ohazardous aerosols or splashing are eliminated and no 
operator adjustments are required to set alignment of 
parts or electronic timing since all are set at time of man- 
ufacture. Similarly, no high voltage charging deflection 
system is necessary and no microscope droplet break 
off measuring or timing system adjustment is required. 
Therefore, the apparatus is low cost to manufacture. 
The overall system 93 provides a simple way of adding 
sorting capabilities to a particle analyzer. 

While not shown it is within the present invention to 
realign the catcher tube 94 in ways other than pivotally 
such as by sliding to shift the axis B so as to be nearly 
coaxial with axis A. The support for the tube would have 
to be suitably modified to permit the requisite motion. 
Similarly sorted particles could also be collected in lu- 
men 54. Skilled artisans will appreciate that many 
changes and refinements can be nriade to the design 



without deviating from the overall concept. The basic ap- 
paratus to which the catcher tube sorter 93 is applied 
may take many forms. The catcher tube sorter 93 can 
be used after any other form or analyzer, counter etc., 
s such as (by way of example and not limitation) a volume 
(impedance) orifice. 



Claims 

10 

1. A catcher tube sorter in a flow cytometer compris- 
ing: 

a body member (30) having a passageway (32) 
IS therethrough for the passage of particles which 

are to be analyzed, the passageway (32) in- 
cluding an analysis portion (32a), a pre-analy- 
sis portion (32b) and a post analysis portion 
(32c), 

20 

an uptake tube (58) connected in fluid commu- 
nication with the pre-analysis portion (32b) of 
the passageway (32) and adapted for fluid com- 
munication with a source of particles for provid- 
es ing a particle flow path from the source of par- 
ticles (66) into the analysis portion (32a), 

a catcher tube (94) carried on the body member 
and mounted to be selectively positionable in 
30 fluid communication with the analysis portion 

(32a) for intermittently receiving analyzed par- 
ticles (68) after passage of particles through the 
analysis portion (32a), and 

35 an operator (24) connected to receive an input 

signal from the analysis portion (32a) relative 
to one or more particle characteristics and to 
activate the catcher tube (94) for selectively po- 
sitioning the catcher tube (94) in fluid commu- 

40 nication with the analysis portion (32a) wherein 

the analysis portion of the passageway (32) in- 
cludes a flowcell (35) having an orifice (36) per- 
mitting the passage of particles through the 
analysis portion (32a), 

45 

characterized in tiiat the catcher tube (94) is 
mounted to be selectively movable into fluid com- 
munication with the analysis portion (32a) and the 
input signal is an optical response to one or nnore 
50 particle characteristics. 

2. The sorter of claim 1 wherein the body member (30) 
includes means (40) for permitting light to be direct- 
ed at the orifice (36) at an angle substantially or- 

55 thogonal to the direction of the particle flow through 
the flowcell (35) and wherein the means (40) for per- 
mitting light includes a recess (40) for positioning a 
lens (1 9) adjacent to the flowcell. 
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sition for realignment of the catcher tube axis (B) 
with the passageway axis (A) so that the axes (A, 
B) are substantially coaxial with one another and 
wherein the catcher tube (94) includes a pair of 

5 ends (96,97) and a central section therebetween 
and the flexible support (101) attaches the central 
section of the catcher tube to the body nnember (30) 
permitting pivotal movement about a point located 
along the catcher tube axis (B) into the position for 

10 realignment of the catcher tube axis with the pas- 
sageway axis (A) so that the axes are displaced rel- 
ative to one another and wherein the catcher tube 
(94) includes a driver (98) located between an end 
(97) of the catcher tube (94) and the body member 

IS (30) for moving an opposite end (96) on the catcher 
tube (94) Into displaced alignment with the pas- 
sageway axis (A). 

8, The sorter of one of claims 1 -7, comprising: 

20 

means for providing a beam of light to illuminate 
the particles (68) passing through the analysis 
region (32a), 

2S means for detecting light with respect to each 

moving particle (68) and for associating the de- 
tected light with one or more characteristics of 
each particle and to generate a signal respon- 
sive to the particle characteristics, and 

30 

means for receiving the signal and in response 
thereto to operatively position the elongate 
catcher tube (94) in alignment with the pas- 
sageway (32). 

35 

9. A method of sorting particles passing through a par- 
ticle analysis apparatus for transporting a sample 

, of particles carried in a liquid including the following 
steps: 

40 

introducing particles in suspension to the cent- 
er of a focused liquid stream, causing them to 
pass, one at a time, through an analysis region 
(32a), and 

4$ 

generating a signal representative of one or 
more characteristics of the particles (68) pass- 
ing through the analysis region (32a) of the 
analysis apparatus, 

so 

characterized by the step of: 



3. The sorter of claim 1 or 2 wherein the operator (24) 
produces an electrical pulse of strength and dura- 
tion sufficient to selectively position the catcher tube 
(94) in fluid communication with the analysis portion 
(32a) and wherein a driver (98) mounted to the body 
member (30) and associated with the catcher tube 
(94) receives the input signal pulse and selectively 
positions the catcher tube (94) in at least partial 
alignment for fluid communication with the analysis 
portion (32a) and wherein the catcher tube (94) is 
carried on the body member (30) for movement into 
partial alignment with the analysis portion. 

4. The sorter of claim 3 wherein a sheathing liquid is 
introduced into the pre-anatysis portion (32b) about 
an inner end of the uptake tube (58) to provide a 
sheathed flow of particles along an axis of the pas- 
sageway (32) toward the analysis portion (32a) and 
the post analysis portion (32c) is arranged about the 
catcher tube (94) to receive and direct away particle 
flow.not selectively caught in the catcher tube (94). 

5. The sorter of one of claims 1 -4, comprising: 

a sheathing liquid applied to the supply of par- 
ticles in the passageway (52) for hydrodynamic 
focusing the particles (68) relative to the liquid, 
and 

control means (24) operatively responsive to 
particles of one or more preselected types 
passing through the analysis region (32a), the 
control means arranged for moving the catcher 
tube (94) between the positions substantially 
out of and into alignment with the flowing parti- 
cles (68) from the analysis region (32a) and 
wherein the catcher tube (94) includes a resil- 
ient support (101) which is stressed upon 
movement of the catcher tube (94) between the 
positions and wherein the control means (24) 
includes a means responsive to at least one 
characteristic of one or more particles (68) 
passing through the analysis region (32a) and 
a driver (98) activated by the means (24) re- 
sponsive and connected to the catcher tube 
(94) for flexing the resilient support (101) from 
the unaligned position to the aligned position. 

6. The sorter of one of claims 1 -5, wherein the catcher 
tube (94) is movable into fluid communication with 
the axis (A) extending through the pre-analysis por- 
tion (32b), the analysis region (32a) and the post- 
analysis portion (32c). 

7. The sorter of claim 6 wherein the catcher tube (94) 
is elongate with an axis (B) and a flexible support 
(101) movably attaches the catcher tube to the body 
member (30) for carrying the catcher tube in a po- 



applying the signal to a driver (98) for changing 
the position of a catcher tube (94) so that the 
ss catcher tube is moved to receive the particles 

having one or more of the characteristics, 

wherein the step of applying the signal to a driv- 
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er (98) for changing the position of the catcher 
tube (94) includes flexing a support (101) for 
the catcher tube (94) to bring the catcher tube 
into substantial alignment with the particles 
(68) passing through the particle analysis ap- 
paratus and having one or more of the charac- 
teristics and wherein the step of generating a 
signal representative of one or more character- 
istics of the particles passing through an anal- 
ysis region (32a) includes using light to analyze 
the particles passing one at a time through the 
analysis region (32a) and to provide an electri- 
cal signal and wherein the step of using light to 
analyze the particles (68) passing one at a time 
through the analysis region (32a) and to pro- 
vide an electrical signal includes as a step 
thereof applying the signal to a driver (98) for 
changing the position of a catcher tube (94) and 
wherein the step of positioning the catcher tube 



DurchfluBwegs (32) steht und das in Fluid-Ver- 
bindung mit einer Teilchen-Quelle steht, die ei- 
ne von ihr ausgehende Teilchen-Strombahn in 
den Untersuchungsbereich (32a) bildet, 

einem Fangrohr (94), das an dem Gehausekor- 
per gehalten und derart angeordnet ist, da3 es 
selektiv in eine Fluid-Verbindung mit dem Un- 
tersuchungsbereich (32a) zur zeitweisen Auf- 
nahme untersuchter Teilchen (68) nach dem 
Durchgang von Teilchen durch den Untersu- 
chungsbereich (32a) positionierbar ist, und 

einer Vorrichtung (24), die derart geschaltet Ist, 
daB sie ein Eingangsslgnal von dem Untersu- 
chungsbereich (32a) entsprechend einer Oder 
mehrerer Teilchen-Elgenschaften empfangt, 
und das Fangrohr (94) derart selektiv positio- 



niert, daB es in Fluid-Verbindung mit dem Un- 
tersuchungsbereich (32a) positioniert wird, wo- 
bei der Untersuchungsbereich des 
DurchfluBwegs (32) eine DurchfluBzelle (35) 
5 enthalt, die einen DurchlaB (36) aufweist, der 

den Durchtritt von Teilchen durch den Untersu- 
chungsbereich (32a) ermoglicht, 

dadurch gekennzeichnet, 

10 

daB das Fangrohr (94) derart angeordnet ist, 
daB es selektiv in Fluid-Verbindung mit dem 
Untersuchungsbereich (32a) bewegbar ist, und 

IS daB das Eingangssignal eine optische Reakti- 

on auf eine oder mehrere Teilcheneigenschaf- 
ten ist. 

2. Sortlerer aus Anspruch 1 , wobel der Gehausekor- 
per (30) eine Vorrichtung (40) umfaBt, die Licht auf 
den DurchlaB (36) leitet, wobei der Einleitwinkel im 
wesentlichen rechtwinkllg zu der Richtung des Teil- 
chenstroms durch die DurchfluBzelle (35) ist, und 
wobei die Lichtleit-Vorrichtung (40) eine Ausneh- 
mung (40) zur Anordnung einer der DurchfluBzelle 
benachbarten Linse (19) aufweist. 

3. Sortlerer nach Anspruch 1 oder 2, wobel die Vor- 
richtung (24) einen elektrischen Impuls von einer 
Starke und Dauer erzeugt, der zur selektiven Posi- 
tionierung des Fangrohrs (94) in Fluid-Verbindung 
mit dem Untersuchungsbereich (32a) ausreicht, 
und wobei ein Antrieb (98), der an dem Gehause- 
korper (30) vorgesehen und dem Fangrohr (94) zu- 
geordnet ist, den Eingangssignalimpuls empfangt 
und das Fangrohr (94) mindestens teilwelse in 
Fluid-Verbindung mit dem Untersuchungsbereich 
(32a) In Wahlposltion steht, und wobel das Fang- 
rohr (94) von dem Gehausek6rper. (30) zur Bewe- 
gung In teilwelse Ausrichtung mit dem Untersu- 
chungsbereich gehalten wird. 

4. Sortlerer nach Anspruch 3, wobei eine Huilflussig- 
keit In den Vor-Untersuchungsberelch (32b) urn ein 

45 innenliegendes Ende des Steigrohrs (58) herum 
eingefuhrt wird, um einen umhullten TeilchenfluB 
entlang einer Achse des DurchfluBwegs (32) zu 
dem Untersuchungsbereich (32a) zu schaffen, und 
wobei der Nach-Untersuchungsbereich (32c) um 

so das Fangrohr (94) herum angeordnet Ist, um einen 
TeilchenfluB, der nicht in dem Fangrohr (94) erfaBt 
wurde, aufzunehmen und weiterzuleiten. 

5. Sortlerer nach einem der Anspruche 1 bis 4, mit: 

55 

einer Hullflussigkeit, die der Teilchenzufuhr in. 
dem DurchfluBweg (52) zur hydrodynamlschen 
Bundelung der Teilchen (68) innerhalb der 



to bring the catcher tube into substantial align- 
ment with the particles Includes as a step there- 
of pivoting the catcher tube (94) about a point 
located between the ends (96,97) of the catcher 
tube. 



PatentansprQche 

1. Fangrohr-Sortierer In einem FluB-Cytometer, mit 



25 



30 



einem Gehausekorper (30), der einen durch Ihn 
hindurchfuhrenden DurchfluBweg (32) zum 
Durchtritt von zu analysierenden Teilchen auf- 
weist, wobei der DurchfluBweg (32) einen Un- 
tersuchungsbereich (32a), einen Vor-Untersu- 55 
chungsbereich (32b) und einen Nach-Untersu- 
chungsbereich (32c) aufweist, 

einem Stelgrohr (58), das in Fluid-Verbindung 
mit dem Vor-Untersuchungsberelch (32b) des 40 
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FIQssigkeit appliziert wird. und 

eine Steuervorrichtung (24), die operativ auf 
den Untersuchungsbereich passierende Teil- 
Chen eines oder mehrerer vorgewahlter Typen s 
reagiert, wobei die Steuervorrichtung zum Be- 
wegen des Fangrohrs (94) zwischen einer Po- 
sition im wesentlichen au3erhalb der und einer 
Position in Ausrichtung mit den aus dem Unter- 
suchungsbereich (32a) flie3enden Teilchen io 
(68) vorgesehen ist, und wobei das Fangrohr 
(94) einen elastischen Halter (101) aufweist, 
der durch die Bewegung des Fangrohrs (94) 
zwischen den Positlonen belastet wird, und wo- 
bei die Steuervorrichtung (24) eine Vorrlchtung is 
umfa3t. die auf mindestens eine Eigenschaft 
eines oder mehrerer durch den Untersu- 
chungsbereich (32a) flieBender Teilchen rea- 
giert, und einem Treiber (98), der durch die an- 
sprechende und mit dem Fangrohr (94) verbun- 20 
dene Vorrichtung (24) aktivlert wird und zum 
Biegen des elastischen Halters (101) aus der 
nicht ausgerichteten Position in die ausgerich- 
tete Position mit dem Fangrohr (94) verbunderi 
ist. 25 

Sortierer nach einem der Anspruche 1 bis 5, wobei 
das Fangrohr (94) in Fluid-Verbindung bewegbar 
ist, wobei sich die Achse (A) durch den Vor-Unter- 
suchungsbereich (32b), den Untersuchungsbe- 30 
reich (32a) und den Nach-Untersuchungsbereich 
(32c) erstreckt. 

Sortierer nach Anspruch 6, wobei das Fangrohr 
(94) eine Verlangerung einer Achse (B) ist, und ein 35 
flexibler Halter (101) das Fangrohr bewegbar an 
dem Gehausekorper halt, um das Fangrohr in einer 
Position zur Wiederausrichtungder Fangrohrachse 
(B) mit der DurchftuBwegachse (A) zu tragen, so 
daG die Achsen (A,B) im wesentlichen coaxial mit- 40 
einander sind, und wobei das Fangrohr (94) ein 
Paar Enden und einen> zentralen Bereich dazwi- 
schen aufweist und der flexible Halter (101) den 
zentralen Bereich des Fangrohres an dem Gehau- 
sekorper (30) angreift und eine Drehbeweguhg um 4S 
einen Punkt, der im Verlauf der Fangrohrachse (B) 
liegt, in die Position zur Wiederausrichtung der 
Fangrohrachse mit der Durchflu6wegachse (A) er- 
laubt, so daB die Achsen zueinander versetzt sind, 
und wobei das Fangrohr (94) einen Antrieb (98) auf- 50 
weist, der zwischen einem Ende (97) des Fangroh- 
res und dem Gehausekorper (30) angeordnet ist, 
um ein gegenuberliegendes Ende (96) des Fang- 
rohres (94) in versetzte Ausrichtung mit der Durch- 
fluBwegachse (A) zu bewegen. ss 

Sortierer nach einem der Anspruche 1 bis 7, mit 



einer Vorrichtung zur Bereitstellung eines 
Lichtstrahls zum Beleuchten der den Untersu- 
chungsbereich (32a) passierenden Teilchen, 

einer Vorrichtung zur Detektion von Licht in Be- 
zug auf jedes sich bewegende Teilchen (66) 
und zur Zuordnung des detektierten Lichtes zu 
einer oder mehreren Eigenschaften jedes ein- 
zeinen Teilchens, und zum Erzeugen eines die 
Partikeleigenschaft wiedergebenden Signales, 
und 

einer Vorrichtung zum Empfangen des Signals 
und, in Reaktion darauf, zum selektiven Posi- 
tionieren des langgestreckten Fangrohres (94) 
in Ausrichtung mit dem DurchfiuBweg (32). 

9. Ein Verfahren zum Sortieren von Teilchen, die 
durch ein Teilchenanalysegerat laufen, um eine 
Probe von in einer Flussigkeit enthaltenen Teilchen 
zu transportieren, mit folgenden Schritten: 

Einleiten von schwebenden Teilchen in das 
Zentrum eines gebundelten Flussigkeitsstro- 
mes, wobei die Teilchen, eines zu jedem Zeit- 
punkt, zum Durchlaufen durch einen Untersu- 
chungsbereich (32a) veranlaBt werden, und 

Erzeugen eines Signals, das eine oder mehre- 
re Eigenschaften der Teilchen (68) wiedergibt, 
die den Untersuchungsbereich (32a) des Ana- 
lysegerates passieren, 

gekennzeichnet durch die Schritte 

Aniegen des Signals an einen Antrieb (98) zum 
Andern der Position eines Fangrohres (94), so 
daB das Fangrohr derart bewegt wird, daB es 
die eine oder mehrere Eigenschaften aufwel- 
sende Teilchen aufnimmt, 

wobei der Schritt des Signalanlegens an einen 
Antrieb (98) zum Andern der Position des 
Fangrohres das Biegen eines Halters (101) fur 
das Fangrohr (94) einschlieBt, um das Fang- 
rohr im wesentlichen in Ausrichtung mit den 
Teilchen (68) zu bringen, die durch das Teil- 
chenanalysegerat hindurchlaufen und eine 
Oder mehrere der Eigenschaften aufweisen, 
und wobei der Schritt des Erzeugens eines Si- 
gnals, das eine oder mehrere Eigenschaften 
der Teilchen wiedergibt, die den Untersu- 
chungsbereich (32a) durchlaufen, einschlieBt, 
Licht zur Untersuchung der einzein durch den 
Untersuchungsbereich (32a) laufenden Teil- 
chen zu benutzen und ein elektrisches Signal 
zu erzeugen, und wobei der Schritt des Benut- 
zens von Licht, um die Teilchen (68) zu unter- 
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suchen, die einzein den Untersuchungsbereich 2. 
(32a) durchlaufen, und urn ein elektrisches Si- 
gnal zu erzeugen, den Schritt einschlieBt, das 
Signal an einen Antrieb (98) zum Andern der 
Position eines Fangrohres (94) anzulegen, und s 
wobei der Schritt der Positionlerung des Fang- 
rohres, um das Fangrohr inn wesentlichen in 
Ausrichtung mit den Teilchen zu bringen, den 
Schritt einschlieBt, das Fangrohr (94) um einen 
Punkt herunn zu drehen, der zwischen den En- io 
den (96,97) des Fangrohres liegt. 

3. 

Revendications 

IS 

1. Un trieur k tube de captation dans un cytom^tre h 
6coulennent comprenant : 

un organe formant corps (30) ayant une voie 
de passage (32) m6nag6e k travers lui, pour 20 
permettre le passage de particules devant §tre 
analys6es, la voie de passage (32) connprenant 
une partie d'analyse (32a), une partie de pr6- 
anaiyse (32b) et une partie de post-analyse 
(32c), 25 
un tube de pr6levement (58) reli6 en comnnuni- 
cation fluldique avec la partie de pr6-analyse 
(32b) de la voie de passage (32) et adapts pour 
etre en communication fluidique avec une sour- 4. 
ce de particules, en vue de fournir un trajet so 
d'6coulement des particules de la source de 
particules (66) dans la partie d'analyse (32a), 
un tube de captation (94), port§ sur Torgane for- 
mant corps et mont6 pour etre positionnable 
s6lectivement, en communication fluidique 55 
avec la partie d'analyse (32a), afin de recevoir 
de fagon intermittente des particules (68) ana- 
lys^es apr^s le passage des particules au tra- 
vers de la partie d'analyse (32a), et 
un op6rateur (24), connects pour recevoir un 40 
signal d'entr^e de la partie d'analyse (32a) re- 5. 
latif k une ou plusleurs caract^ristiques des 
particules et pour activer le tube de captation 
(94) afin de positionner de fafon s6lective le tu- 
be de captation (94) en communication fluidi- 4S 
• que avec la partie d'analyse (32a), ou la partie 
d'analyse de la voie de passage (32) comprend 
une cellule d'^coulement (35) pr^sentant un 
orifice (36) permettant le passage des particu- 
les au travers de la partie d'analyse (32a), 

caract6ris6 en ce que le tube de captation (94) 
est mont^ de fagon k etre d^pla^able selective- 
ment, en communication fluidique avec la partie 
d'analyse (32a) et le signal d'entr^e est une r^pon- ss 
se de nature optique k I'une ou plusleurs des carac- 
t^ristiques des particules. 



Le trieur selon la revendication 1 , dans lequel I'or- 
gane formant corps (30) comprend des moyens 
(40) con^us pour permettre k de la lumifere d'§tre 
dirig6e sur Torifice (36) sous un angle sensiblement 
perpendlculaire k la direction d'6coulement des par- 
ticules & travers la cellule d'6coulement (35) et dans 
lequel les moyens (40) destines k permettre le pas- 
sage de lumi^re comprennent une cavit6 (40), con- 
gue pour positionner une lentille (19), en un empla- 
cement adjacent k celui de la cellule d'^coulement. 

Le trieur selon la revendication 1 ou 2, dans lequel 
rop6rateur (24) produit une impulsion 6lectrique 
d'une intensity et d'une dur^e suffisantes pour po- 
sitionner d'une fagon selective le tube de captation 
(94) en communication fluidique avec la partie 
d'analyse (32a), et dans lequel un 6l6ment d'atta- 
que (98), mont6 sur I'organe formant corps (30) et 
associ6 au tube de captation (94), regoit I'impulsion 
du signal d'entr^e et positionne de fagon selective 
le tube de captation (94) en au moins un alignement 
partiel pour 6tablir une communication fluidique 
avec la partie d'analyse (32a), et dans lequel le tube 
de captation (94) est port^ sur I'organe formant 
corps (30), afin de permettre un d^placement, avec 
un alignement partiel vis-^-vis de la partie d'analy- 
se. 

Le trieur selon la revendication 3, dans lequel un 
liquide d'isolement est introdult dans la partie de 
pr6-analyse (32b), autour de rextr6mit6 int6rieure 
du tube de pr6l6vement (58), afin de produire un 
6coulement \so\6 des particules le long d'un axe de 
la voie de passage (32) vers la partie d'analyse 
(32a), et la partie de post-analyse (32c) est agen- 
c6e autour du tube de captation (94). afin de rece- 
voir et de diriger k distance I'^coulement des parti- 
cules qui n'ont pas ^X6 s6lectivement capt^es dans 
le tube de captation (94). 

Le trieur selon I'une des revendications 1 k 4 
comprenant : 

. un liquide d'isolement appliqu§ k I'alimentation 
des particules dans la voie de passage (52), 
afin de focaliser de fagon hydrodynamique les 
particules (68) par rapport au liquide, et 
des moyens de commande (24) r6agissant 
fonctlonneliement aux particules d'un ou plu- 
sleurs types pr6s6lectionn6s traversant la zone 
d'analyse (32a), les moyens de commande 
6tant agenc^s pour d^placer le tube de capta- 
tion (94) entre les positions sensiblement hors 
d'alignement et en alignement vis-^-vis de 
r^couiement des particules (68) depuis la zone 
d'analyse (32a), et dans lequel le tube de cap- 
tation (94) comprend un support 6lastique 
(101) qui est plac6 sous contrainte lors du 66- 
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placement du tube de captation (94) entre les 
diff^rentes positions, et dans lequel les moyens 
de commande (24) comprennent un moyen 
r^agissant k au moins une caract^ristique 
d'une ou plusieurs particules (68) traversant la s 
zone d'anaiyse (32a). et un organe d'attaque 
(98) active par les moyens (24), r^agissant et 
connects au tube de captation (94) afin de pro- 
duire le fl^chissement du support diastique 
(101), de la position non align^e k la position io 
align^e. 

Le trieur selon Tune des revendications 1 h 5, dans 
lequel le tube de captation (94) est d6pla9able, en 
communication f luidique avec Taxe (A) passant par 
la partie de pr6-analyse (32b), la zone d'anaiyse 
(32a) et la partie de post-analyse (32c). 

Le trieur selon la revendication 6, dans lequel le tu- 
be de captation (94) est allonge, avec un axe (B) et 20 
un support flexible (101) assurant une fixation dd- 
plagable du tube de captation sur I'organe tormant 
corps(30) pour porter le tube de captation dans une 
position de r^alignement vis-^-vis de I'axe de tube 
de captation (B) avec I'axe (A) de la voie de passa- ^5 
ge, de mani^re que les axes (A, B) soient sensible- 
ment coaxiaux entre eux, et dans lequel le tube de 
captation (94) comprend une paire d'extr6mit6s (96, 
97) et une section centrale plac^e entre elles, et le 
support flexible (101) assure la fixation de la sectiori 30 
centrale du tube de captation sur I'organe formant 
corps (30) en permettant un mouvement de pivote- 
ment autour d'un point se trouvant sur I'axe (B) du 
tube de captation, dans la position de r6alignement 
de I'axe du tube de captation vis-^-vis de I'axe (A) 
de la voie de passage, de manl^re que les axes 
soient d^piac^s Pun par rapport k I'autre, et dans 
lequel le tube de captation (94) comprend un orga- 
ne d'attaque (98), p\ac6 entre une extrSmitd (97) du 
tube de captation (94) et I'organe formant corps 40 
(30), pour d^placer une extr§mit6 oppos^e (96) sur 
le tube de captation (94), en donnant un aligne- 
ment, suite au d6p|acement, vis-^-vis de I'axe (A) 
de la voie de passage. 

45 

Le trieur selon I'une des revendications 1^7, 
comprenant : 

des moyens pour produire un faisceau de lu- 
miere afin d'6clairer les particules (68) traver- so 
sant la zone d'anaiyse (32a). 
des moyens pour d6tecter la lumi^re par rap- 
port k chaque particule (66) en d^placement et 
pour associer la lumi^re d^tect^e k une ou plu- 
sieurs caract^ristiques de chaque particule et 
pour g^ndrer un signal de reaction aux carac- 
tdristiques des particules, et 
des moyens pour recevoir le signal et en r^pon- 



se k celui-ci posltionner fonctionnellement le 
tube de captation (94) allonge, afin de le mettre 
en alignement vis-^-vIs de la voie de passage 
(32). 

9. Un proc^dd de tri de particules traversant un appa- 
reil d'anaiyse de particules, pour transporter un 
^chantillon de particules port6 dans un liquide, 
comprenant les stapes ci-apr^s : 

introduction de particules en suspension au 
centre d'un courant de liquide focalls6, provo- 
quant leur passage, une k la fois, au travers 
d'une zone d'anaiyse (32a), et 
gSn^rer un signal repr^sentatif d'une ou plu- 
sieurs caract6ristiques des particules (68) tra- 
versant la zone d'anaiyse (32a) de I'appareil 
d'anaiyse, 

caract^ris^ par r6tape consistant k : 

appliquer le signal k un organe d'attaque (98), 
afin de modifier la position du tube de captation 
(94), de mani^re que le tube de captation soit 
d^plac^ pour recevoir les particules ayant une 
ou plusieurs caract^ristiques, 
dans lequel I'Stape d'application du signal k un 
organe d'attaque (98) en vue de modifier la po- 
sition du tube de captation (94), comprend le 
fl^chissement d'un support (101) pour le tube 
de captation (94) afin de placer le tube de cap- 
tation pratiquement en alignement avec les 
particules (68) traversant I'appareil d'anaiyse 
de particules et ayant une ou plusieurs des ca- 
ract^ristiques, et dans lequel I'^tape de g6n6- 
ration d'un signal repr^sentatif d'une ou plu- 
sieurs des caract^ristiques des particules tra- 
versant une zone d'anaiyse (32a) comprend 
I'utilisation de la lumi^re pour analyser les par- 
ticules passant une k la fois au travers de la 
zone d'anaiyse (32a) et pour fournir un signal 
6lectrique et dans lequel T^tape d'utilisation de 
la lumi^re pouranalyser les particules (68) pas- 
sant une a la fois au travers de la zone d'ana- 
iyse (32a) et pour fournir un signal ^lectrique 
comprend ^titre d'6tape de celle-ci I'application 
du signal k un organe d'attaque (98) en vue de 
modifier la position d'un tube de captation (94) 
et dans lequel r§tape de positionnement du tu- 
be de captation, pour placer le tube de capta- 
tion pratiquement en alignement avec les par- 
ticules, comprend, k titre d'§tape de celle-ci le 
pivotement du tube de captation (94) autour 
d'un point se trouvant entre les extr^mit^s (96, 
97) du tube de captation. 
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